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cw*JS2] m&i*frt>%&immb. 

wm-hmfc&bttL. 

mnmzwi o ms^mm^x'b ->x . 

fif*«oafl:^^ h /w=*t t t immwjjfaiz' wzmz 
mtetihzbzw&b^hwsm&m?. 
mm3] mmmbimmmmmbtf 
mutiz-Hbizmfi-shztixmvbti. mfm^bi 
xmmh z b zmb t &m$m 2mm<?)®$mm 

i m%4 ] ijawft* b ixm^m^mmmbt 
hwmmmmhzb*®mbthmim2iim<n 

imm5] ±.imw>t>bix&5mii&zigmbt 
h^mwkzmWi-thzb zw&b^hmimnmn 

imm6 } ±ieraw t ix±.mmmmzmatz 
tvrzmom&m^tsx \s $ tih&mwfcmimb 
-fh^wmmznm-th z b vmb-r&mxmim 

im*m ] it»i b ix±Mffim®mz&isz 
ixtzmmmfr^ii£iizti&$.mmmimMb 
th^-®m*mmthz b z<mbtzmm3im 

imms ] ±.mmmzm&tz>±.immb i 
x~mfimm-xm%?z>m&fo$:m\ %<m\m% 
mizfentzimnmitMzj: -)t 2m<rmm^m 

omt®%®b imm-jrmzmtetii z t zmm 

[fi^JB9 ) ±mmmmm-z>±Mmiiftb i 

mz® -> fzEmnmitifMz x ->x 2m<rmmiRm 

im& i o ] -%m&mftt%-?m&ftfrb% 

^mbmim^Hz^ivxmzmsthtzihnwm-h 
enm^bi^t. 
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m^mBikcomitifftizXnx 2mcommwio®& 
mm^x-h^x, 

b immuftmfc®%mb & s <t 3 %m%mfim 
mLZ*tz>zbiz£*)mi$tiz,zbmwibi-&®$i. 

[nw&sm mwmtimmizbizx'om. 
ztiz±mm^mijmmi)im®miiftx'h hzb 
mmtzmm oie^ogmsif^T. 
imxm 1 2 ] liim&mmmMz x nxw&iz®. 
^mm^t-r&mmm^**) , zvmimmb 
Emm b immztititmtt i . -Jjejewmo* 

^tt^^^-tJri. «t a t ttzz b m&b -t mxm i 

lfBfS<058m«8fjgSi^ 

CH*« 1 3 3 _LiaflWWIf«i£*fc: J: -CWBCK 

m.*-ttH-m b tmm s titzmmz^ i . ±em^#41 

fc*OlSrt«IWe^*l*lt:-HM!l:«)5*Sr4i 6 -I fc t 

JBl liEa<05Ki«WE*F. 
[ |g m 1 4 ] ±Effi«ffl*(i JJB»«JB<08MtS« 

mz<7)mzmmiiftiiz3i-tz>mw!Wtmfre>% r ) , ± 

Kraft* ^±KflMlffl*<oiiI fcJJffW *MfcRttn § 

Ilftjai 1 5 ] ±!Etir*8ffltt<0S^<0-*£# 5 0 0 
nmJJlTT*>Sii:t1*af: l t6ll*Jil 0lE««llM 

*isi^U'^wfc9aB't4fc*<oraw)ffljn*ai:*w 

±mm&#<?)B.iV)mzjz ->x 2m<rmmmm% 
mmirX'h^x, 

b?hwmm=?-. 

{ mm 1 7 3 JJEflHBffl*tt ±E«f BMkSS 

o . ±iaigii^* { ±ie'tfffgfa*w®(c«5S'Si:^i6ncEp 
ans<ii c b zm.b thnim i 6tE«oe^ia^ 

b mmtm t i x mm wzmm 

K L^i k SIfftk-tSSWOa 1 7iE»OB»«liH5 
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ISiEii^* J ±ieffill!fi*«®{c(IB'W^[6ltcEPSn$ti 
Set £#8tk 1 6£aoBftRg&X?. 

[fM2 0] ±iEfli«ffl«stfliflW6JJEam«fl: 
R*»fe «r 6 mmmm t imi k t 

it** i eiemoKmis^i 1 . 

[ m$ig 2 1 ] ±»8ffi#Ofi*iac^ji£# 5 0 0 
n mttTZ'hh CI k &mb+bm&R 1 6Ett<0tt$l 

en* Sr±ia^ffl*os«©<o^^wt Best 

U 

i mm 2 3 j jjE««fflti«ofbfca<^# 500 

n mOTT'*)l»C k £1«Sfc-f *M** 1 9IBSi<0]8^ 
l>tP8fflttk, 

U 

±IEffl6fi*^L^lSl(cJ; ->T 2ffi<7)ffi$8£i&:> S&S, 

±IBffifSfl«!(±, 21J^^ttfMW««Sftfc*£ 
flfit* *f 4 CI k £WStk t*«SS«M83IS? . 
[HW&I2 5] JJ2flWHfl*tflll«t&±IB21JaJ: 

I. B&ttfrfl c t $r#® t t&mm 2 4 gib*>8 
[W«JS2 6] ±ieffl^ffl#=^fliBict4±ie2iJiLh 

mm2 4m<ow$mm?. 

i mm 2 7 j iRimmmt . 5*ft*Ji t -ties* 

-f* ; t *«f»k -ri. w*« 2 6 Kx&msmm*. 

[M$JB2 8] JJEflBBfflWi. JJE«tt»Rk±E 

jasrtt f+4« k ts£&nnfl k s^K-fki k wmmm $ 



swat-f *iwwi2 6Ibr«)B 

mm k ±EJI^rttft4« k t9« k Itigfltfttl k 

i mm 3 o j ±t zmmmikma-tmtf 500 

n mfclTT** Z k £=8ffik 6 ft 2 4 f£«<01gm 

hi** 3 i ] -masmif&zirtiw&ttifrbt: 
J:teflr?Ma*^i?«iEos8iflss^ttk tsersa: 

* fit; wxWfcBttirt-S fctfKoraWjfflJn^Sfc £ W 
JJEflWHlftMOB^fcfirrtlfc: J: ->t 2ffi<offi?8£i&dS83, 

[ft**3 2 ] A. Bffitta>£>3:&fil?8fflttk , 
iE»7jEpjD^Sk$r*L, 

s^k^ak-rsa^is. 

tlS^3S3 3 ] A. H*BWW*tt&*t*«ttft*» 
<o^l»«$lifi#:k , 

L. 

JJHIMHfl«6«aMiarrtllcJ:->T 2fflOffifg^S5i^ 
«4S*& d k fcJ: 0 f6£$ii!>l8«tgf!^k . 

b . *->\,fflkt tMrnsmtmrnz ± o ±iB«!^«fii 

s^k^ak-rssa^is. 

cii*Ji3 4] a. H»«JMrafttfc*r*-*«tttt*» 

^.'Srl.ffl^afrk . 
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U 

iMsmmm. ±mmmmzmLxm^tirzm 
b. *-)iwk±tz\m$mm)^z£*)mm.%wm 
umm 5) a. -mmnmrmti- m&m* 

L. 

x*h&mv$mm?t. 

b. *-iMmMtmmmmz±*)mmjm 

SBiW fcJJEflr «S«ao»«OTOBBMt»»«lrk HHTStt 
U 

±iafli«aft<oB«t)Sriaifc i ->t 2««ois«£a3 asa 

»a£tf*&»»«i8aVf k , 

(ii^ja 37] a . -tm&mazGthmitftfr 

■Mjl5*¥Ri: MTU 

±EflH8ffl*«8Mk^iaifc J; o T 2 gaffitt&ffi 3 

wm^x-h^x, 

k. 

B. *wl^*fctt«^fi0WfcJ: ")±E8t««IB 
[00 0 1] 



* * y tews lt *ks& t> «t* i> . 

[0002] 

X{CJtKLTVK-3*^T"@7]^-5Tl^. SSI 
J W««llftfc3W-*f:»lf»S*l4ifc-Cft&. £2 

fe4^»»«WM»B*8*Uilf . wafmt 1 n s 

n&<?>z:<®.^tmx'®Siijmzmz%t&tzv>, # 
x-hz. 

[0003] z.h e><7)mk£ Zbtzi;~>x. «m 

[0004] 

[0005] tAk^ji, ^mmximz^mLimm 

¥10-13071 l-9THtfcJ:dfc, *^<0JWIIHk 

tctyies^^BK^sk, m&mm^mzti. 

[ 0 0 0 6 ] 4fc. 8Hfcfr|*J#*4 y^£*ll>»0g&1i 

T. 8« (damping) tffrZKW-tXh. CKOffilfijtf® 

* * k . 8fl^? WMi«*2f|ij Srttk LT ^-<0H 0 £ 

[0007] BHtttrtffi^hS < ^^kH-ft^^ h;K0 
5I«ltcWSSi]i)* { /h$<=5:Sa*SrffljfiLTfc<. M 
RAM (magnetic random access memory)^: k'SffcSS^ 
>*yfcfflv^*i*AIOWtaMlTtt. »ft<WBftt=# 
■>t. -eftSrttWSltl^tilWateddy current) #«&fl 

^^f**. fWUftfcOWSWBHJl^SS (eddy c 
urrent loss density), p (W/m 3 ) (i s fcct-f-^tt 

msmmmzitwrz. itz^x. mm&tf* 

<teh<r>X'hh. 

[0008] Ltzifi^x, zmmmmt. w&.m 

ilfo&W s ^ o y^KtcfiWHI: $ fix , aajgwfig 
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[0009] 



[ooio] is^t-^ y 

(Landau) 1 1)7^ /7 (Lifshits) izXtltf. 
[00 11] 

mi ] 



dM/dl = - Y - (MXH)-(a - Y /M s ) • { M X ( M X H ) } ... (l) 



[ o o 1 2 ] z\ziz. mmiki? wk immmo^ 

9VfVX't>h. it:. rtt^*-fnBSSU@R (gyromagn 
etic constant), a(i0JjKrf^!& (damping factor) T$> 

ft. «#i .fcO-fofc^g^fc&fcte, mfcifhMi 

tmrnztii. znmT&micoAiz^it:. mmtz* 

r 0j frti r !_» 2-3-4 -5j cOIStcHIoT. ft& 
Wt=-x*|6|WKW (relaxation) LT^^< . 
[ 0 0 1 3 ] MHZ atfl «k 0 tt&*>fc*3 < . ( 1 ) * 

d M/ d t M HM6l*>? fm t 1 

Hk=fl:-rft*-set:«oT*<OH')*ia4«2BB» (pr 
ecession) Srfrd . 

[0014] 4vg V?frP6t> a vms-ftfo zmsizte. 

[0015] Wl/i« 1 8 0' 

fmgfci&bft^^fcLT. HMtRIEfc3W-4B*ni 

awe**. ««nR»«3&*«WK:*#»-mHr. 

J:d*«OBS* t »'»<i6IW»«ffi*, ttWHUl (crit 
ical damping) <7)W®tWM . 
[0016] flitf, MRAM£4f<08»UiMBR?-£J: 
<iHfflS<lS^— "VQ-f (Permalloy, N i -FeM) 

■Cli. ■HWWiiOT'ttfitfl /*mrW*>fc*fcSI9W- 
ft. Ltzft^X. +n&<mst%1xx^t l umftftn 

ftt£ft£&£oT^ft£fc#;bA>ft. LfrLtctfb, jfe 



■9-7 s ?D>^t§ felcWIfcSftraimcfMH- 
[0017] MOT£I=M& $'ft fcHfrvMSMWfcSfufc 

<x<?>±o%m)iz£^xmi$LZti&. 

[00l8]mi(?)CiZmt2:oliZ. tifflffi&b LX + 
Offl-Cliz^fai: L-fc) (clli§ ( 4fc«*<itffl3-t& 
(effective field) j ) £Epjltf-ft. "** fc *Ji6* 5 'h$ 

[0019] -ftcbh, YM&m 1 ^CO^EP 

r 1-2-3-4-5 j coio^, aarxyBrt-cac 

^fcztfffl^tMflfcWuf. BMW1- x*|6]teg£ 
0 . Hfl»K®*^ 18 0* OBWkRteWlBKSii.*. - 

i^SraMkRCSI^-t ft Z t ft . 
[ 0 0 2 0 ] ;«O0 1 coc fciStf- J: -5 ^K-fbKteO|g» 

ffi*. OT. y^AM • ^-f yj-y? (Swing-by 

Switching) tn&. ZtM. Bit*.? hll>AW§hJ) 
(driving force)<0^[6]t|S](t^iXftcOT'{i^< . US) 

[002 1 ] mz, Zt)X*f4V?X4 ■ XA -v1->7 

(mmmwn^mz^xwm-h . 
[oo22] x*7 4vyiM ■ x-i t+vyv&i&rm 

( 1 ) 3ttc,ko-CR«H(U t£l&B 

^'(tT'^< , fi5tt*c7)-tt)KmS^rtti:R®« (demagn 
etization field)C0S&*i: **«)TV>ft. «^((±^E 
A'— VEM SKSrSSL, SaWfiS-ft, (saturation magne 
tization) M s =800emu/cm 3 , — WSf^^ffi^, 
HiMt (uniaxial induced magnetic anisotropy) <7)1& 
-fk^^W (easy axis of magnetization) {ixjfti— §C 
Ls (anisotropy field) (iH K =40ei: 

in. mmmuza = o . o 1 1 uz. 
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comfort hMt+x1i ft* \t\%^ ztilz+zfjftizi 
k O e <7)TOSr 0.2ns comtzWIm Ltz^wmi 

[00 2 33 02(Cfc^T«i:, Mmi(ns) &t 

mzm^zirm c ) &t->tz. m.\t^h>v 

h (ZcomiTlt. OkOeffii) fcft. d 

[0024] H2 fc^fJ: 3 1, Wl^ftft 

ttMBMKfctffeeciimtfmtiRU o. 2ns 

tit. mw&o-XfoiwmmQm^tii 
fcmi>7F3m&mhm\^Lx^h. u»u sum 

-tTtettJWttlBa* 9 0 ' ISLhWiT - x#i*|tf>HMfcS 
^WcO r 3ttlIIj lCf>§ (be within range ofattracti 
ve force towards easy axis of magnetization,-x)c7) 

x\ wtoLwi 18 0- uft^tmm ■ wmlx® 
< . mm^amwtBtowb-rfro .2ns -earr l 

[0025] JtttWt IT . «JJ«ttliT+ xjrmtii* 
Wfc*?h/WcJtL. -x#flfc5 0etf>«*«:GJJllL 

[0026] aHt^MKo^ipjiMiargo* t*>i 
so- fca^ts-e-iflMBfc. 6Mt*4 yf-v^ia&fc 

sw, hy>iszinztth&x4 vi-yrm^. $ 
[0027] -^nj!is-ri»©-ft:<^ h/K^*»k«*w 

-HKfW~OV>Tl3. S.Chikazumi, Physics of Ferromagn 
etism, (John Wiley & Sons, Inc. , 1964) A 5 #> „ 

[0028] |J8afiffi#»<oMrt *£Kfctt. uiT<o 
J: 3 I>. 

[0029] -«»*ttatt»«o«fl:x-f -yf-y/tc 
n t t . mzmtmmt mvimmm^ti &*§ 

r Htt«D£j <*JH 977) <D4. 2. 2gB&f> 
W:, ■£ - tC? Iffl $ tltzMiXD. O.Sraith, J.Appl. Phys. 2 
9 . 264(1958) C&lvC4<(>flm3*rCVit. 



[00303 £tz. Wba«|IW5ri6lt|fil^fcB«k^^ b 

ttfX'%hZttiK ffiffifcZtlfZ (R.L. Stamps, and 
B. Hi 1 lebrands, Appl . Phys. Lett.75. 1143(1999)) . Ztl 
JJEOD.0. Smith Offcfcfc£iIt£F*j££ft->T^ 

[003 1 3 2MW«btW4. Stt«fl«*»a^'C/i, 

*B*«:jiiv* (SE^t^wtfflrtwsa^fcw 

Z Ltz$mtffo& (C.H.Back.D.Weller.J.Heidmann.D.M 
auri , D. Guarisco, E. L. Garwi n, and H. C. Siegmann, Phys. R 
ev. Lett. 81. 3251 (1998) ) . 

[ o o 3 2 3 §t . &±ff)X o iz. m<k*t> hMzmw. 
tix-&<frt>m%.ztix^&. 

[0033 3 L*>L. ±EOD.0.Smith 0)Mrt&&#0> 
mm. *7tR.L.Stanps,and B. Hi 1 lebrandscOffcjtTffi 

)v<r>KW^m^tz^<r>x'h^tz. mfr<? hMzm 

X\ Z m,m<Oi o (cBMfcRK<o±fc 4 WWj t txm 

^htifzn. m^^mmm^titz^x^t^ 

[0 0 34 1 ±|Ec7)C.H.Back. et.al.<0»©tt. figft* 

zmimzjj; itzi><nx'hhtiK « f>wn®j{»s*ic 

^^'J (Solid-State Magnetic Memory)^rfc' s HfflW 
[00353 ±JEHH*»*-r4fc«>fc. i<0»fl<?)» 

i <o«wi . wmi) $r En^Dt s ztizx*) mmcom-it 
w<m.i\L^ YMztt ixmmmijft iz/wxmzw 

JsatliioizUzzt^m-fl^coX'hh. 
[00363 i«fBBOW2<056HH{4. BMt***^**, 

tc i o r 2 flifcli-t WJLh^tf^flHB* ft 3 BffllR 
[0037] iOS2<0«?ifci3Vvai. Witf . ff?fi 
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xmit>ti. ®fam?b irmm-z. wtithjw 
t>m%itZitmmjibiTii. ®&m&&&mt 

m2h&#mKmmmbth^$)®M%b'z% 
^hzbtfx-%&. ttz. mm. m&iBftzmfiti-& 
mmb ix-%immi>ftm-tz>®.msmK * 

nmw<7)Mim%®b immm-%mzwmztiz> tox- 

[0038] Cic0^c7)^3tf0^{i. -WiKm^tt 

tmcDW-im%m b immmiimzjwxmzmn? & 
tzfrmmmmbttL. ftmmawmitiiwz 
lot 2mcommdm^,mm^vh^x . mm* 
a. mmmmnmitmmbimmmmm 
mmb%h± o%msz,mii&t:miZitz>zbtz± 
*)miZtihc\bMmbthh<7>x'hh . 
[0039] zcr>m3omuzt3^xii. mm. mm 
u&mttiz b izx ^m.ztihw$m3;mifc-hm 
msmx&x'bh. mmz\$. mm. fum&Mi 
(b&^umii) ^^xfmtzmmmummt 
•tmmm^**) . z^m&mmb Emit 
mztitzffimtti. Emfomwmzirfaizmi±zwm 
tzc\biz£r)fcmmm,m*ftz%,±2itz>. bh 
v M3 . ftwzmmwz x -> xfrntzm^mummt 
tmmm>t>%r). z^mmmb^n^mb^ 

»fl$*l£t§j£££l. WfrttS-miztcryMftmfcn 
Hftlz~micr>mA.£ij-l& z b t: J: 0 ZcnXfttfW.it 

®mb %h x o %fcjiim$mmjf& s-i&fcs-ts . 
s^ic mm. mmmmmomitmmzzn 
ffiizmmmiz%i-&mwBMmfrt>%r> . ra^w 

[0040] znwmm nmiz. -mmmim 
mtz>mm>t>%&mmftb. mmmmmit^ 

vmmitmm b immw.itwz>vi<xmzm\itz 
tzfrcomtmnmbZGi, mmw^mttimz 
£^x2mmmo®55.wtmm=?x'b-ix. mm 
a. mmizm®Lxm-rt>titzmcow.mfrb<7)$i 
m®j5.ftmz x o f&££ix!> c b zmtbtt h<nx-b 

[oo4i] z<nm4mmiza\^xM. mm. tit# 
immmmcom^mmt:^mmz^tmmttz 
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immijfoiz(pMzti$>. mmziz. mm. mmm 
ftm&i- zmmmmb ®%.mm b w^m**- 
txmmtiKffiiktti. *mme)®ziz±r)w.MW 
w&m b msmim b comcDjmwKftmm 
s-tti.. h&wt. mm. ffi®mmm#BcoMim 
mzz<nmzmminz-%-?hmM.imfrt>t(: o . 
mmMmm&<r>mMm¥'ifj}mzmnzi\&. $ 
t>iz. mm. mmm®f8.-t&mm.itmfrb%h 
mmmm b wmnem b mamwm mixmm 
ztitzm&mi. mis®mmco®%i,z£*)miwm®. 
mbmsmmbcomcoicwm^ftmwm z^tzit 

[0042] z<r>wm^5crmm. -wsasmii^tt 
*mhmmfrhtc&>mmwb. mw&w<m\t*. 

vmnmitmm b mmmnmz; wmizom-th 
tzfr<r)®mf)m&®btti. mmBftcomiUjWz 
x->x2m<r>m^mmsm^.m^x'b^x. mm 
\i. mmwmut^mt'a^tim^xbhzbm 
Wibi-&{><7)X'bz>. 

[0043] z<r)$pmwi<><mm$. -mtsmx®. 
zttm&m^z&ifimm&b. ffimmfo<7)Wit< 
9 hiv^mm^^htz^mm^mwimm 
mnw.immbmmwjiftizjvi'xmzmvth 
tz#>cDmmi>wm^®btti. m$iBfacomiK%ftiz 
j;oT2iicofflig^aiose^i«itg*^-c'S)oT. mmm 
mi. 2mv±m>&&mtmmzixtzm£ffim$:^i- 
hzbm®bt%i><r)x-bh. 
[0044] zcr>w,b(r>ftmzii\^x&. mm. ttfg 
mftzm&ti 2*w±osittttJi(i-?-<offi£t3(i'§tt 
umzMfc®%mm-&m,ft&mz$ts. ttz. m 
mm. ffi®mft$mm-&2i§&±<Dm&mit. m 
^tt#4* b mmzx o xmmizm^mifmmtt h 
®&mmbfrc>tcz>. ht^t. mm. wmumi. 
mn-tts-m b mmm t mxfttts-m t tfm&m $ n 
tzmmm-fi. $^»tc s mm. m&mm±. mm 
m b m&ns-m b &iz®mm t t mmm 
mztitzmmmtz. ttz. mm. mmmmi. s 
frtt5-mb®.m®b±Mmir&mmbte'£®fflmb 
mimm b mmmmztitzmmmt § . 
[0045] zmwcr>m7mmt. -mm^m*®. 
£%tm&M>t>%zmmb. mm#mit^ 
9 v>v<r>i5mKm*khtzfr<F>mwiiimfflm<rm 
m.<mimmbmmmimz^)vxmzfmth 
tzfrnmmjimumbttL. mmm^mitMz 
£■0x2 mmm&R o mwm&m^x-b x . mm 
%mim<m\w b^mmmcommmmi 

xmfecDft%®®LX\ / ^ZbZmib-tZ>i>c0X'$> 
[0046] Zcr>mcom8co%.mt. A. MMfrfrh 
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nmz iot 2mttznwj.±.<r>mcomm o m 

izm i>tf ®mftcr)Mit«.7 v Mzn Lxmrnmsn 
izjvvm^nzh&wsmmm^-t. b. 

[0047] znm^9 comm. a . -nb&uji 

it^7 h fwftm £lxM%-\t& t&xmmrt) £tiffBfflft 
[0048] 1 0<05HWi. A . -MBftl 

miz t o t 2 eomR&ft 3 HBWWHtfpT* x , 
b. *-/uj»«*^ti«5^sfi0»*^j: ow&mmm? 

[0049]^ cnfttywm 1 1 0>JWHi, a . -fHBft 
WJt<? h/KO^ri6]tRI65-fr63t«><0»»^*flr«ffl 

^■[pjtcioT 2 <i^it ?g&fii o asm***?* -> -c , 

[0050] znmkom i 2«o*p»i, a . -mass. 

i^crm^mcom-im^mbimmm-nmzyvumize) 
mht&<mm*®m-n.bttt. mmnm.it 
umztiX2 mm o msms&PFc*> -> r . 
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[005 1 ] i«»H<0SSl 3c7)^BJ(i, A . 

fga^oE-ftfrisos-n^aj-r^Sk **** z t mm 
b-?hwmiw.x'hh. 

[0052] ztihcomsmmim. msmssai* m 

£ h iziHS&K—xfi ayv*—?* b'<7)&m<?>® 

[0053] im,mzti^x. mmttitetfmm 

[0054] ztxtmtzx hB^mmm. msmsm 

i»#«cr)^a, mmmmmmttbizmtzzb 
mmx-ht. 

[0055] ±Mcr>X o \,zft&Z1xizzmmzti^X 

a. ®^mij&^®mKm%b'<r)&mc7)imizj:*) 

WG&9MbimmB3ifo& VVX^mxth Zblz 

*mo<7>x\ w&mMzmmfov^m. mzznm 
xmcD-mmy s y o ymmzmmztix t> , out 

mmmmzm.it<?h>i>cr>mm%%Q.tfitiimi. m 
®.%®Mzm>-fizmit<7 h/wutn&Kmitzz 
btfxz, mmx'xv < yyju • xi -v^yyz'fTo 
ZbtfX'Zl. 
[0056] 

xmm&mi%tfbmwt& . 

[ 0 0 5 7 ] 04 li£ 1 (OHM^St J: |>ffi 

[ 0 0 5 8 ] H4 t^f i 3 C -f «v ■f-SR?- 

{4. «U 1 . Em*«2fcJ:t/ffiffifflf*k fC<0. S 
* t J: T «aSt««»*ttjWtfW* «t o %%ZM ( ma 
gnetostriction) C0±$%ttWl>t>% 
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k 3 tfmmm $ tut us . c^cdim 
mmmti. ^wttxmmm^-rt. mm 
[00 59] E.mftm2cr>mitLxi,i. mm. pz 

T, PLZT, LiNb0 3 , LiTa0 3 . AD P. 
KDP, Zn0^^2rfflV^«rt^T#&. E««c*2 
&SSLhfc»iS-4-**&. E«fM./fflR*fcttEE«* 
Ji/T%1£l£/a«<7)*§^-£;btfi: lXTil<r>± o %i> 

[0060] PZT/SrTi0 3 , PZT/Pt/M 
gO, PZT/Ce0 2 /S i 

PLZT/SrTiO s , PLZT/Pt/Mg0 1 P 
LZT/Ce0 2 /SiBaTiOj /SrTiOj s 
BaTi0 3 /Pt/MgO, BaTi 0 3 /Ce0 2 
/Si 

L i N b 0 3 /A 1 2 0 3 . LiNb0 3 /SrTiO 

3 % L i Nb0 3 /Ce0 2 /S i 

L i T a0 3 /A 1 2 0 3 , LiTa0 3 /SrTiO 

3 „ L iTaOg /CeOj /S i 

ZnO/Al 2 0 3 , ZnO/Al 2 0 3 /Si 

[006 1 ] 1 • #±»+ Fe. Co. N i <0£& 
TbFe 2 , Tb 70 Fe 30 , Tb 2 Fe n , Tb (Co 
Fe)j , Tb (NiFe) 2 . SmFe. ErF 
e 2 . SmFe 3 ZtlUMB&nmmtfmz* 

[0062] 2 . Fe, Co. N i 0>&& 

Fe 70 Pd 30 , Fe 50 Rh 60 , Co-Pd&i:". Zix^ 

»i*«w**>Ttt, m-kmzmx. tut 
[ 0 0 6 3 ] 3 . mm 

Co7x74K Ni7i70, Ba^x^-fK* 

[00 64] 4. -ewfflL Fe. Co, Ni, Mn&i: 
[00653 Fe 4 9Co49V 2 . Co-Ni, Fe-A 

[0066] z<nmw ••/ **F*>JUWWrlll**>- 

Wt^fSt, E«W12fcLT532 0 0nm<OLi 

Nbo 3 m&m^K w&im®tmm3tix&2 2o 

nmOFe-Rh^iRS:!^ Clftf> SrB@5 0 0 n 

m npmtz tax tfc & <0T*> & . 

[ o o 6 7 ] z<7)m.it^ -yi-mi-ommzi^ 
xffltti. H4 tc^-rj: a tc. mm i 

ffl-f £ S*ttJgK1xSK 3 ?>|SKdSBf&igft£i8$ L , 
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^cOff«f*:«2*fil^l,E«^f B * ? z«l^0(c3 

x, E«(*«2^Hrt (xyirt) umzumx&fcw 
mcomm^th. *ix. zcr,smm2±mm^ 

A-tfS-l t>tlh . £*tt£ffifx»R 3 «9«£#*<0*£ 

i & 6 J: 3 &Jfoft ffiBHEJRA jrtt ( stress-i nduced 
magnet i can i so tropy) I 3 iT^tfcittt 

SSS^^ftt (perpendicular anisotropy) (iK-ft,^^ r- 

+ z * fcii - z u^mx o t -rhitmrnm 
x\ mmmimt txm-t. xv<>?>u ■ x 

[0 0 68] ( i ) sstfiafisfi** 1 ^ mit<9 hlV 
<ry$m$- ( M x H ) izticMth . Uzt^ X.hL® 
WUVMAtK* V fun z fStittflEXhlXtt . 0 5 

**5rK £<o*£tt, MzknXz jK4M*£ 

tao^nmzLxm^hcoi^m^xH v^yy^ 
mzju TxmEztat. mgmsmu&to*?* v h 

xi>%\\ 

[0069] m-it*.? btutmmcrmm < 0 5 t*« t 
=t 3 <rmm) p&Kizb&mizmmmm^wwiz 

(4, RtAvi-xmE&Epjp-rnjf «tv>. 

[0070] ClifcSUc. S»*fc«liS*fcJ:o-C8! 

xmrnmAtimzmm uzftmv n-2oos4o^ 
^ (^Iossd^e^) zszt&ztizxixu. m 

h/lcr>x4 -vf-yyiiO' t90° k<?MX''+ibtlh<r> 
m?&Xh^tz. iEWWWF 1 1 - 2 0 0 8 4 O^K 
ffl*Ztlfi:£o%XMz£-oX, 0' . 90° . 180 

• , 2 7 0- co4iift£m.{L'i? bfrzm&zmm 
■^wthUfovimK? h>itf^-rtii>£mzm?fZti 

&tztb. 4 [UW^lSMS^rtt (nagnetic anisotropy 
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with 4-fo!d symmetry) £f£9i&tffc^3, tt£W$8Lh 

*jp)x*7<v?im ■^■yf-y^fetf, 9 0* *m 

<50»T't0° fcl8 0' k(7)P<7)X^ •v*y7*mi8, 
t&ZktfX'Zl. Zcr>MMX\ 7SJ4V7*A ■ x4 

v*>m. mil (ttd&x.) mmomsmmmi-t 
coo7i] w±m o k. znm i comtmmiz 

mmtimmmumzj^xmzefim-thztizx o 

< ■ xA -v1-yy$:ftoa)X\ MASfSKttif 

mtf*m?v>mm^mz®mitztixi>, mt 
Y)vm\m^zmihfihztts:< . 

-f>^A-f XA •v&vY i kV!OZkt> i X'%h. 

too 7 2 j <xic. z w&mm 2 rmtmmiz x m 
hxa -vi-m?iz^xwn-tz>. 
[0073] zcr>m2<7)mmmmi / zxim.itxA vi-m 
to. micD$mmmiz±&w.{tx4 '^m^tmrn^ 

7j) mffissm&mgz im h<n*m\^£xm% 

*. z<7)£o%m.fmm$*ft^tt®t ixmmx 

o^mm^hzbifx'^h. 

[0074] i . msmmm^&m. it^ 

Fe-Rh. Mn-Rh. Cr-S&t'. 

[0075] 2. msmm^^mak 

La,., Sr, MnOj , Pr,., Ca, Mn0 3 . N 
d,., Sr, MnOj %£<MAnJk<U7rxt)4 K >I 

[0076] lE»tt«l^t . JWjfcuLffiftWtt 

{bBA^WF 1 1-20 0 84 0#t^$tlJtiiO 
X'hh. 

[0077] C<0»2<^KBBJBKJ:<itf. g 1 Ogttt 

[0078] me\tz<m^<r>^3<r>%mm<iziihm 

itXA -y ZVmitXj .y***UL BBl*l 
[0079] H6 t^-fJ: 3 .I<D£S3<7)|SJSJBBK 

iz^xm^mmmiz&it^h^mmmm 

I I zmmmt ixmw znmx-mm&m® 

I I I ztiizm&z5-iz>E.mftfrL>%2>m&tt5-m 1 
2t*qiwsnTv>*. zne>v)W*.mmmB&i 1 
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M«tt? %§mi&r>nx\ zixmmh 
mx'mm^Mmwtm^mmmmhzt 
tfx-zh. mm. mzmizii^hztmamz 

OUT, A.V.Pohm,J.M. Anderson, R.S.Beech, and J.M.D 
aughton h iZi. S1&ftfelft# { Journalof Applied Physic 
s, Vo 1 . 85, 4771 ( 1999) fc jS« S *ITV ^ . 
[0080] MAft-S-JI 1 2 1 LTtt. filgtttfSffi 
iPJ&m^S-£tl>PZT. LiNb0 3 . LiTaO 
3 . ADP , KDP. ZnOZb'Zm^ZttfX'Z 

fiotSft&iotJBa^iifc. Si, MgO, Ai 2 o 

3 *<o$m%mRX'i>£^. 
[oo8i] wmcommtf** «Hit*h>s»tta5K 

ti&R l l rttmk LXii. m l »»Tftftt 

[0082] -y f*^£AttSiH£iIIR 

tcom^ *muz£ •> xmitufa *«o«stf*tftt*ir 

•fSClii^T&Si^t:, 0. 2/xmXO. 05/xm<0 
^UmtL. mZZ2 0nml,ZltzFe-RhBm s $>N 
iJOBrifCft*. 

[0083] £*>BM^f -y**?(C£bvrU. ^Ji 

iEc**«*fctt. wiBHrt<ofts«!it:ia-5fc-iMit<o 
[0084] zcr>m?>mm&§mii&*mt^7 h/v-co 

1-20 0 84 0*trX'tX'lZfflKi$tltzi>COX'fo&. Z 

ti£m&zm.tyco%®%mm. ( 1 > -t^s^o 
ymmmmcoimmm^x'nm^immth z t 

KX'%hz b b . ( 2 ) x>7 -f y ■ x-f yf-y/ 
T'fitE^liSmmP^ttSrfflv^T «, 1 8 0 * coWbtfX 

f "iffl-ra z k s i t . 

[00853 BSfb^^ ViVkWkMmktf^zm. 
^(cffiSW^tftJ^^'^^rSttA^^iiS J: o mm 

ixmttittm*#&. mmzit. m^n^mi 2 
izxvtts-t&mcom ( ztitfmL?&mim%mco 

[0086 ] J: OftftWWi. MitiS*Ott4tfflv^ 
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[0087] ieoai3«ie»JKB(cJ:iitf. « i on* 

[0088] mntzcom^m4^mmmmzxm 

•yf-LJ; 5 k-tiBHfc^ WM=*tLTSB2ri*ifc:flua 

Wfcft (exchange interaction) £J;6l®Htfj£flJfflt" 

[0089]H7fc*-*M:3£. .:*>BHfcX4 
(i. B£BMfc*2 1 fcfPUfflfti LTc0JS»|ffllffitt«2 
2i:a6»4«W2 3^LTaHiS#ut«afr1M-*. - 

JfK*>fll*K*. Ci<0«-Cli«Hai«2 3«0flStJ:r)r 

[00903 @^©<b«2 1 frwxmtG&m ix 

m&nawmtz^xmttb. ztazr>^xi*. *n 
iumAtfrnzmmLtcftsw- 1 o - 1 8 5 2 5 s^ta 

[0091] +raa2 3tf*mwmx'hz>tm%. 
m&mzmm-&*m#*><o*->rVTit. ®&m>t><7) 
tmt 1 i>izm>mzmi-thxv>®mifii¥fh, 

ZffMfe ( * -v y 7«W t y<o^*^<7)-fii ) 
^W^fflS^ffl (RKKYfflS^ffl) :<0 

*. t%b%mm.m2 1 twnw»ttii2 2t«oia 

[00923 zco®mmEftm<F>±$ s^raiti* 3 
Si&wjajgm. ^-vyr?emcfics-rs; 
o^f^yrafWi. ran* (mEEran, mas-A* 
bi itziimtt%b'<mmmiz£^x%i&zb# 

1 2 2 * b (iSiI(cg(tfe«fiBlcJ: 0 *I3M 2 

3, tzt>*> ! mim£.mn'riw£* on/of Ft 
^ c t c i o . mmrnm 2 2 obm^? h>^m 

Zith£o%WmJl*±t2it&ZbtfX'$l. 
I 0 0 9 3 ] Wc, ^fMte^4«*ltt»S£T'ii. 
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4. -t**)^, Lfc««W^tf>*&fc: 

h. 

[0094] fflSW 2 3 #BmftflT2> & . 

Q£flMtl2 1 fciVSSiJfflHSttS 2 2 *fctt 

-eix^t tt»!KR»tfcms*»fe«E zmn ix , am 

£«ft*2 1 1 ttMW8ft«2 2 tmaxjm&m 

icth . c fisr ttnmra 2 2 oaHtfriai t m.z it 

hwm-ftb-thzbtfx'th. 

[0095] ^fc, *HJi2 3t ixmmcotmm 

ZB&LKWr&izit, mmxTy^mmm^m 

A ^ h >- *)VW£<Wtf!cZmz tZbtfX'%. tnm 
ZbtfX'^Z,. 

[0096] ff !8UB 2 3 . 

sfpffl»4ftafc:*9, ztitrifftxmmmzmjm 
z b h . t. -5 1 1 . ««fMi# -v y rm 
m < tommm i» wx\ mmzn »i x 0 1 
nmmz £ix**VTm%nzb ji«»t* 

d^ESSHS-r S i #T-# I) . 
[0097]^J^.a\ tpSS2 3tL-TCr/Fe-A 
gnmmmZf&K ;c^Cr/Fe-AgcOW«^(Clt 

asrflMw* i t x\ ®%.mm 2 1 1 mm&m 2 

2t(7)rac7)^^Sr«]l.it* J T'#4. Cl(0«]:d(c« 
b'nm&£^t&. 

[0098] .4>|S]J12 3tf&-&$mfrt>%&lBX'h&%> 
A. 

*fflo*m-ct«r< . «^*m^. @»b«2 1 1* 

2 2 1 coraw®^W^^5r*J»t S +Hfl 2 
[0099] ftfWtJi. 2 3 fc LT . MUX. 
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i 



istti t iwsmm t mm ztifczmmv t <nm 

^hZttfX'th. BttJifcLTUk mitt, Fe. C 

ttlklTli. Ti,V s Mn.Cu,Zr,Nb.M 
o, Ru, Rhu Pd, Ag. Hf, Ta.W, Re, 
Ir, Pt. Au$rk\ tafcyCifO^JS^-fflv^?, 

fc't. #3S«fi*fcfllV t*£*l*»& 

[01 00] ifc, «t»ISW2 3fcLTUU J3W>J:$3r 
ZbtVU. flTOCti. C£0ill, Fe 

SSmWiW Ag*if*»^**^|MaMtflt^)rtlwc 

2 1 1 ttEMBMtf 2 2 1 wmsyMXi&t& Zkt% 
6. 

[ o i o n -cot » . aattttt&^oasums&tt 
a»t tft.fefflsafc.ti 2 1 1 wmms&m 22 1 com 

#LTfcO. +ra«2 3«ixl)«MtcJ:oT^^o^ 

c 0 1 0 2 3 $Nfc , znx 5 %m%Lttwmmii. mm 
mmco-mmtixm^&z ki>x'Z & . mitt, ue 

CCr«k««Wf»kLT3Wl3feFe-AgJ»4, # 

wm2ttm.itmm>t>%&<r)x\ nmzu, ws* 

[0103] ifcfe. +IBW2 3K. Ktttt££Wf*» 

Lr«MW^* { ia««tc* t h <nx\ *mm 23 m 
zzimttm<i-&zttfx'$i. *zx\ 4>fHJf 23 

JfSJi 1 0 n mja±fc-t*i ttftfrt U\ 1 0 
nmBLhTMUf, +0)12 3*>J?Sa«S-f g"4fc*>fc 

a. 

[ 0 1 0 4 ] ttttfr***-* 4«£tt«*>fc&4 
*Pb1« 2 3c'))I§< 7 )±P.8(i#Wg£$*i4 tWIi^^ 

2 3«OJPSIilAnnSJSI3lTI:-*-ftik* { a*L^. 
[0105] +ra®2 3^Mtf5Bat(*c*»^>=0:i*-&. 
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[0106] &(c, £<0»4tf>!aiJBS8fcJ: 4«Kfcx>. 

I*. *m2 3i)mmmx't>s>®&iz^xmw? 
4. 

[oio73 t-f, mitt^fyxmm^^mittx^y 
9 'J yymzx o»«j#7jc o - p mm <*a»b 

Jf) *5j:tfCoJl£0j£aMfcH2 1 i LTII&fcSt 

4. zzx\ mitt, ismiico-ptmmcomz 

lilOOnm. CoJfOJfSJil OOnmttl,, 
[ 0 1 0 8 ] JWC, l9£BMttl2 1 ±£0Uf;TX^-y ? 
U V/ffifc efc 0 C r / F e - A g £flR£'t'|3W 2 4 fc 

h±£M^fet>tf>) tCr^-y'7h<?)Z-5S-|5]B#(CX 

fcilfi£*4J:dfcLT. Cr/Fe-Ag£«R£giB 
•aftaUvT. «l-Wl«>W3li, CrRWtO. 9nm, 
Fe-AgJ^iil. 5nmT\ 7i70IliCFe 
-AgM*^*^^feL. 16^k^JtSL"CF 
e - A gJR*«-#±(c«r4 J; o lz®7 Uz. ? Tizm^ 
fzkolZ, Z<r>Cr/Fe-Ag2mii, «St*«ix 

mzit, z0)*ism2 4iz$Mmzi-zK#)0>itx&) i 

[0 109] Zh\,z, +ra«2 3±C, +iaJi2 33&><5> 
SSm $ fife -y H ^S^^v ^ J: 9 lz LX , Wi tf x 

[0110] act. ttWS^«±K0!itf^^-y ^ u y 

/ate i 0 n i — f e v^iarattrcA&wnffnttJi 

2 2 1 UTttBW*. Jt»+{i««Jlg»fcJ: ->TT«!*» 

(cEnjD LT N i - F e Jf K x«*|t|t«fli&fr>-(( 
«SW*tt*SSWLfe. 

[0111] Ccof*. «WWKttJi2 2±KBfJ6»«<0 
y'X hv^-ySrjgflgLfef^ CcOU^'x M^-y 
t LTttMm8Ettl2 2 . *Him2 3hXX/m 

[0112] ««E*fflv^afflfCx^rmt: 

2kOetf)Sa#£EPflllU *«»*Co-PtfflEttfl*J 
[0 1 1 3 3 PlkoXolzLX, mk-t&mtZJ -y 
[01143 >I«om4 ^HtBBflili. ±5ic7)^ 1 fc J;tX 

»3»»«b!bwj: 3 izm-ftmm%mn&*mmh 
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£Sti:LTE e]t = J • cos (0-0 f XVBlzWfth 

-«a$W*tt<0X^4f-E. »4K B 
£ LTE a =-K„ -cos 2 (0-0 e ) tf)J;?K£ 

<tnthifih, e-e f ttz\ie-e e {49 0° izm^ 

X^XS-lhtlhmt^l V IV^CDVIV?^ E a =- 

k u 'cos' (e-e t ) <m$m-x i mm<n*§)is\,z 
mi, 3<ttffls:^ffl^fijffl-r^E ei =j • co 

s (0-8 { ) O^lcfi. S:;M;:>£^x*;l^-33K 
d E/d £ Srfflffl-tl. d fc#T'# -S><WJj±iT' 

[0115] ;<t)^4 nmmmtzxtui . m i cohjs 
mmt nm%m&mh z t & . 

[0116] 08Ji^^BB<?)m5»llifig®fcJ:&M 

OE5*§ TlBIrf & t cor*>5 . 
[0 117] m8iZjfit£olZ. Z<OMRAMiZtS^X 
tt, II^B&LTtfflSLLfc. ft ■ gt^ffigcolg*. -f* 
hhtm (V- Kg) 3 1 fci«S ( t'-y Kg) 3 2 

^x«CSBS<ut«tt»JRtiB«ffl*3 3 fc L , £ 
*i<0iEjt«8fl:*|fii*«« r 0 j & Mi r i j (cttKS 
tfT 2 <ll£1i2rff 0 i)(DX'h h . 
[0118] ft*f)MRAM"?H. -I^ffltfbSrfflSrRft 
Stf* r «3A*j Officii. HttfcffittfctcSrfteKa 

"t^ib^fiait, Ht<«a**ON-C*4« 

g. -r^h-tbm^t^^zmi-mmsLwmm 

M>e>?>£mmt:%VZ<r>X'. 1 ffl^iEttfflttO) 

[0 1 1 9] Wl> *tt«2aWljumrW>**S£ 
(shape anisotropy) fcJ-oT-WKSWttftt* 

? K;i^t*f Ltatar i 3 5 • o#flfc£i«a»&8finii,T 

BMfcRC h H&ifi* \ * . HMfcfc*tLl80* <?) 

HHKcJ:4*-f ■yf-y^O«#fclt^-C. fltfbfcSWJ: 
tffifg. ££-tKfflti . BjfB»K£S*>4 ±T*t> AT* 
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b)uvm*&x-wft£om&#$fct& . 

[ o 1 2 o ] o ^mmmmcoMRAM^mtt 

&tMz, ms{,z9Ft£otc%m.X'X*7<y7fU x 

4 'v+ynm-t&zttfx'* t%fr*>. mm 

%fr*>W&3 lfcJ:lflfr*l3 2 fc{Jt3T4 5* *$r«fl*J 
<0»ft^^ H;P^[S]lcML(3(3'9 0° ^(CMD§<1 
[0121] tztiL, ZCDtZhScomWM. BftSagCB 

oao-cft*. MtMzme)-* commit m 

*»*)^ K1tJB#:3 3c7)KftS^«I^LT4 5° t 
Mi 13 5' fc»< . £<oftflw>8WMiJ: oa^ffAWS 
flaffi^)B«*kLT{iSMl«t»«0'C. -til**** 

[0122] iwm 3 3 zmmmmmnrnm 
twrtt. ®.®*titmMimmmz£-?xm 

ft* ? 0. 2 5/imxO . 1 um. JI$*n 0 nm<ON i 

[0123] ci^ms (^jBgflst intf . ^ 1 ^uss 

KrfpBiiB* m r a m i mtt &Zt tfX # h . 

[01 24] m9uz<7%&]i<nm6<?)mmmiz£z.m 

[ 0 1 2 5 ] -r y?rt<i ■ xa v+vyzwkmz 

mmhtzwztt, m?mfmmxb&&m&m. & 
mwm&gmmmsm&m^x v vcrwu«r 

V\ £*)mmiZli. O^moiHdttft (saturation 
magnetization) s BS (magnetostriction) „ SI^M 
^"1t (magnetic anisotropy). WV§-%W&<DU\n] (dire 
ction of easy axis of magnetization with respect t 
o the device structure) Ztl-?tlMV)%MT 
t>&zbtfm$Ztil. z<r)iolz$,Wimcr>J^x?tf 

mzmmmtw^xoiz-r&zti*, vtmm&n 
mwtmz z.r>x ummx-h h . 
[0126] mmmmmmcom^m^xm^-ri 
ztizx^x. m?mt±.%-$ztimmmm&L-t 
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[0127] *zx\ zm6<r>mimmz£hmtz 

M^tt414 1 . SAKSttttfl4 2, J|#ttff4-fl4 
3. £&Mfffl4 4£J:tfll£Bftff4 50*. HGXHHI 

ttStttt* 4 2 1 mH&ttS-m 4 3 1 tf> 2 flOBMbPft 
S&ttWfcjltoT (ferromagnetically aligned) t>fc~P6D 
iS^^h^i^oTWSL, 2JftA£fl*-ttfelM 

[0128] MM«PB(MiK:afl»cflMJI^»ttfe« 

££8-f4*£i=t>SST*&. I*:frtttt4fl4 3tt£ 
[0129] S*tt4«4 1 (i. m3c7)HM»Stcfcft 

tH***m-r»j«5ni. tn, &&«jiwe4 4ttss 
5<r>msmiziirth*wm 2 3 1 mm*®* 

[0130] -r*)Wfc*-f ••/ f*Bc;fe<,vtU:. E«ft 
5<3**$rS**MBtttt«4 2*mcJim33U!L+h. 

f*4!4 lfc«LT#*3ft**M««tt»i. 

4 2 , mbwioflw • E*t»tt*fc«(cwi«i* 

tt*f+4-t&»*ttft4Ji4 3 fc«ot**. 
[0131] £^&Sf&ttJl4 2<?M8SW*ttU:, 
ft4H!4 1*»fe**fta»tfBt*k5WI:L, *Wctl 
£Lfc**ttff4«4 3«o«fl:iigK<oKiW]**t 

*. *LT. a*36 f 'hS< 3 Sr*itf. JWrttfT4«4 4*» 
9MfcJfc6tt*«->'tO*0> , C. S»tt80ttJI4 2«> 

[0132] ffi^ttMW»tt«^)AMI&4Hf * t . M 
gO ( 1 1 0 ) JlttJblCftftLfcWd 1 0 nmCOF e 
(211) illtfcJttrttftt-114 3 1 U *<0±tWS 
2 5nm<ON iflfcitSU £*W8»ttJi4 2 

[0133] £0)flMfc*>f y ?-*iHe:fe^Tli. 

OS^t . Jhifea*gMtl4 5*»^IHf(*MI4 4 £ 
rtLfcXSHS^ (exchange coupling) t tfitoXBZtl. 

w.^mmm.m^fz^mm^mwfiza^tix 



(14) 32 001-84756 (P2001-84756A) 

^-c, i/ i: mmtc mzmm izmm.& * £ c s -£ 

6. 4te» 2ooAa* t Rii^ON<oi8£fcl80JGSf- 

*mzt>%ix^i. 

[ 0 1 3 4 ] M 4 y?>M ■ y+yfX'lZ. mm 

immli? hMzttummm.-fifocomiti5-z.zz 
t tfwmx-f) zzt ittx'izm o & ujj^fc a o t-j> 

&diz, mmmmcowzttmz 9 0 • &Krtmm*m 
iz^xmmitimitin^m^b^mmi-h^ 

[0135] COBflS-M f*P*)AKW*«ia«£ 
flrtt. ^ft4«4 1 1 LX&Z 150nm(7)L i 

n b o 3 mm. m*-i&mmtm4 2 1 ixmz 2 0 n m 

COF e-Rhpfi, M^ttf+4«4 3 i: LT«**Jt 
«T-«SKSW*tt*m:-»«;Ji* 1 0 nm<0N i 80 F 

e &G$mm4 4tixm4<7)mm®X' 

fflrt-*mt«o-CEl*lUfeW$ 1 0 nm<0Co»R£ 

[0136] i^uefDWUKBtciiitf, IfS l OHM 

^com^miz Ltzt^tzmammx'h zztizz 
o. mwy-homfR*. rvuxmrnmrnizmmt 

Xim%i>cr)X'b&. 

[ o 1 3 7 ] h i o\tz<Dwmm7ff)mmmmizxz 

[0 l 38] x*>vy?K4 ■ xA~,+v?x-\t. mt 

m^mx-wic^ v^t^itihm^Lxmm: 
zcotztb. mmmcom^mmtLxco/vtmm 

K^T b — F e ^RsSr fc'«ofiiUi^&-tt;«ii* i * 

mx-hh. 

[0139] *zx\ zcomKDmtmmiztmxii. 

m 1 0iZK-t± o c. »«!B7«iBtSllLhrt* ( + 
z ) ££{iTl6]£ ( - z ) 0«ft#|*i«:fc4SmHUI 
^te$i]t»KttJi5 1 1 U i<xtc«UBSrty*l>I<0«fl: 
Sr^oH^SE-ftil 5 2 £tir£MWI 5 3 LT«S^S 

ffiM^ fc LTWHDPBttJI 5 1 co^k^^ h tV*. x z ffl 

[ 0 1 4 0 ] 4fc. x«*|6lSria-fb^«i: L»«ffi"C 

z*rtt«ftSftfcSBHMt«*H««ftlB 5 2t U 

y BrtTEWES it 4 £ t> ■?* 6 . 
[0141] **VM4. KWm*WtM9M£-thWL 

wmmm 5 1 c« u . y ^^oiBijc j; ^-cswk^ 
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mttmwmm&mmmMs 1 

[ 0 1 4 2 ] $ £fc. SK*m<3i£aRjBa»W2rtt£ 

t i <?53««»«fc:tJv^T , mmsm.Mn 

[0143] &±cr>x oiz. ( i ) w.mmm.®<7>%* 

itcotbx, tt:(3)wsmmma.t-thm*: 
mmizM ixm^mESLWcDtMzmmm^mzij-i 
ztwtix. <r)3mmmx'mm.im*mmth 

ZbifiX'Zh. 

[0144] we** •v+m^nw&nmmzmf i 

b. »JfflflSttl5 liUCo (0. 3 8nm) /P 

t (o. 6 2nm) ziommmuzzmmm.® 

5aMW5 2 1 LTcH**jBrtW-^|aitSl»]LJtW8 
2 5nm<DCo|fIL 5 3 fc LTSI4<7)§liS 

JB»"C*»ffc t CO t |SHtt$: t <r> £ ffl v . 
[ 0 1 4 5 ] , ££MffJB 5 3 ^IffltfC, ffcb 

**=0r»48:l*-5TV^J:-3«r*m. fltfifTb-Fe 
•^t«B«BEtt«5 1 tffl^i. 
[0146] d<DSS7cDHJ£ff2Sfc ctftJf. * 1 OUSfi 

[ 0 1 4 7 ] II 1 1 (i£ <0&BJ]«Df&8 coHJBgjgfc: J; 5 

[0148] WMcttf *K»:Jjfcli, *ffltt 

wtot, Utto to »hanS4H> 

W\im<mfrh(r>3iWU 7 Z (exchange biasing) (± 

m\mm^tcoNm^mt-ox--nMzmwrth(r>x\ u 

if, awn* (^w^-z^rsj) fcN«*gis»^4,n 
mmizmfi-i . ant*? hp**, w^ftjtw 

[ 0 1 4 9 ] $X . BMfc^? Mktf. -efttttLTM 
( 1 ) ^cO+cOh/^MxH^'O^oT, b'hbtZN 
Tli, »M<Z>SIJi^fc«Vvtittrufc. aMfc"*? 
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h. z<n£o\,zyiv?<D$[*tPt%X'hhzb\i. x*j 

?>m i>T^x-hz z t zmm-z>. 

[0150] m?<mm. m^zm^m^mz 

X'kh; 

[0151] zcomx\ wmmm&K* v>vim 
flswite altera L*v\t o -rxiz 
mmxi/m3 <nmmmzn\ ^x ztiztinm&izeu 

LTMfufc. L*»L***^ Zc?)m8crmi&MlZXtl 
tf. »l«il£fWS£i:KJ:oT, WTOioKS 

[0152] t=5r^*>, 01 1 iz*f£olz. zcomit 
Z4 »fffll. iE*#4J16 1 . ^&!SJKtt«*^ 

4«i:LT^llffiBMW6 43&«. «aaM3*ifc«ii£ 

[0153] S^tt4«6 1 1 LTtt. «itf»3*J J: 

js0j«tt«6 2b ixn. mnmi , »3*jit^» 
«^J16 3 1 Lxit, mum4 , m6&£vm7cr>m 

6 4 1 1 T Ut . «i If » 7 WllttJBffi-tWfcSttlM: 
[0 154] ^oe-ftX-f -yf-^CfcV^TJi, Jd^c 7 ) 

*s^s**^tt«*»4.*i«««att« 6 2c7)Hft 

MtHfil6 2tttftMWx#CTffl:»o« f . ft 
«BW«MJi, tt^tt^*6 3^LT3i<«r& 
L^E^cBE'fb]I6 4*>A)<0^AMr^ (exchange bia 
sing) HzX-yX^F^mizm^^X^. ZoLX 

IZt h ZbtfX'Zh. 

[0155] wnmkM(>4 bmimmme 2b<o& 
®x'm%%&ismt>ti&%L>ii. m^mme3^ 

[0156] Zcr>£ 9*A«B8ffitf5«Bf<0fc«>ttt»^ 
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[0157] iMiomtmnmizi^xmsHzmm 
[0158] mmizmmwjjmzAj -y^y^wm 
m^±^sm^tx^h oizi-&tzMz.m% 

[0159] t-f , SlimmS*-ttK p (perpendicula 
r anisotropy constant) Zft^B.ffl&lZ&^X , ffi.lt*. 

-E(*)li, 

E (0) = v • ( 2ffM s 2 -K p ) • s i n 2 t& 
T*4. liCv {i«ttSIIR««c«T* 4 . ( 2 * M a 
2 -K, ) *«iE*fe(iffi/Jvx*;^-^)3?igfi[BJi0 = 
0c?)®rt^t^0, <2ttM s 2 -K p 

[oi6o] mtowmnmxL*.? wm. »i&b<o± 

TfcSftftfcafSrU **>x*/Hr-H;kTgS (fcrtf 
U ktt^/kyvyjaS % T{i*6*fiag) T'$>3>. 

kg<k. fc» 

kT=v • (2*M S 2 -K, ) • s i n 2 0 oal 

*.„ =s i n ' { [kT/v • ( 2*M S 2 - 
K p ) ] '/ 2 ) 

[0161] mw.BMm&K f mvtm&27t m s 

2 KJt^T««T'$SJ:o&Ni 8O Fe 2O -&&£0ifck 
->T^*#££jimk£fc, ffl«3 0 0Kt\ «S»fiB 
3l«gM s =10« (G) CON i -FeM, ^ 1 0 
0nmX50nmxl OnmW^-yCo^t, ^ 

yc0"1i£#5 0nmx25nmx5 n nUC/hS <&-oT 
t. ;«5»lflli2. 4° %cr>X\ 5' t"ffe*h.{f+ 
#k#£<s>ft.S. 

[ o i 6 2 ] k p #/js$ < isrtaftR^ft Sid ««kM 

WKttfl 6 2 c±?**>fc i: 3 %®ft ZS-l&tcMz. 
K p #**^ltaMI«£IS£*tf4::k 2 

(exchange energy) Ee.^'ll^ , jS5#<0Hfl:^'|fiI{iJi 0 
[0 1 6 3] E e , = J ex • c o s ( 0! -tf> 2 ) 

iit. j„{i2«B«29«jea. *x k^ 2 a**i<e 

[0 164] tZ\bX\ J„*«Bftr**V^*&t(i* 
, k0 2 (it2^k'-gcU «Ji£i5tffcx*^-ti 

BtfE (0) =v • (2kM 5 2 -K p ) • s i n 2 rl> 
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*)i*?-<r>m>H±mft$i-z\±m.-ftfaizmhtih . 

[0 165] J.^Sftiiktt. ZOCD3$Ktt«*>*g 

si'tsii:*^**. mm. mmzmmzz&zmMz 

«rWW* CI k T'$>S . 8&mitm 6 3k L 
& ; k fc J; ot hmm-t$> Z k **T'# £ . 

[0166] mmmim e a ut , msm-x&a** % 

i *K tt*fc|»Sftfc< ^RBflattffc (NiMn, F e 
M'n, N i O&k) ZmmZt tfX'% h. 

[0167] zff)%*mmscr)mmmz£ti\f , mi 
[ o 1 6 8 ] m 1 2&z<?mmm9<7)mBmmiz x t 

[0169] (Hall effect) *jWfflLTWM 

w®.m<n®.{ajfo*wm^iz$mL. mmmzm 

r 0j ifcji r i j ntfBiztfmZitZ 
k. x^^W • x>f y^-v/tcj: O^tU-fe/Uc 

**. 

[o 1 70] hi 2t^-rJ: a t, icosa^iei^ist 

fcV^T(±» SIR 7 l±C^*k LTPffi»R*1irt-6« 

ifiZ<nmW -^m^7 2t&®LX%tiZ2tlX^ 
h. Z<7)+ : $mrt9-y<?)o*>--)T\<H<7)i*9->li. T 
« 7 3 k *ei*Jf 7 4 k ±S5KH 7 5 k tfJfftfltfl $ 

17 6 kffiH7 7 k tnmmm ? ^^it 2- s . 

[0171] OflyU -»f-«T7 2^ft±«(±^tt* 
OSH8flJB*»«.«r6»aB«SEtt«7 2 afci 9m«§ 
ilTV^I,. i^J«W»«HW7 2att*-;W3lfFt«ffl 
•fStcot'S)!.. dco«$iJfflnai4il7 2a(i, ^iikS 

: 8MSfWflfcON/OFF*6*S^W*£k*) 
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2 « . m 1 QHtiNK: ± h BHtx -f y f*f (c*J ft* 

35 7 OUtfijeSIt J; * H-ftx A -y t Htt* t> <?)T 

TgPffi^7 3(i, W*.if8Hfc*4 
7 2^ftTm:R»tfc;ri4«W4:««3*i4. 

$yfflnKttl7 2akLT(i. flilfCo (0. 38 n 
m)/Pt (0. 6 2nm) JlOMlU:flf 

[0173] iW«S@E«S»CtJ^T«. -v 
*m 7 2 <0ffl 9 K»(t fc*lfcE» 7 6 

a, a "latTOtsrafcit. *o«a*iJ:i^WPJw«i 

tt«7 2 a<0«f"btfl*] (MBfcJt LA-o-O** ) «k'*> 
£ k i>W6.ttfott-)V%E&&&lFf- B . B " rat* 

-f ••/ ir-Jgi 1 7 2 & 5 * * 'J -b /UOffl ff£ S?* 
k# { T*£l>. i^S&fL (spontaneous magnetizat 
ion)£J|o&Kttft (ferromagnetXi, *<y)HKWCJtW 
LJtlMfcfc&*«£«^JM?*-/U3MI (anomalous Ha 
1 1 effect) £7jk?cr)X\ ±Z frO^Hi Lll-f cole 

[0 174] flfc 
lfiBrtt8^m*»OlWI»«1M»«^(CJi. Hybr 
id Hall effect device(Mark Johnson, B. Bennet, M.Ya 
ng.M. Miller.and B.Shanabrook, Appl.Phys.Lett.71.9 
74(1997mc«o^k#T'£§. faitfflttT' 

mi , msm?i<rrt-*mm#i> w - vts»t * «t 5 

[0175] VJ±<7) X o itf)l(S9<0St(BBIBlc JriX 

mszmtz z t *«t* s . . wiunsattJi 7 2 

J:tffi»tttf>i*i_b£ia4 -r k I) . 
[ 0 1 7 6 ] H 1 3tti<0»^5» 1 OOKtMffltt: i 

•y^^^^&^^U-b/UkJSm^fil^ (magneto- 
resistance effect) 'J -fe/l/COlfffiK^ai L# 

[ 0 1 7 7 ] 12 1 3 cs** j: a dafl&uaitsinc 

MWSttV 8 2 . IHtttifira 8 3 *> «t tffigBIU 8 
Hffi8 5#iWtS>:rt"t^S. iiifefc J: OHMtx-f 7* 

mm&tti 82 1 wssmtM s a t ^attt4>nv 8 3 
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5. 

[0178] T35«fii8 SfiAfiX'f Wm* 
ffil 8 2 b W&3MCM 8 4k OHfcttSB^HIBWSttS 

[0179] mmmi-mm^mssm^ 

2. ^H»tt+iai8 3J3J:VHSaMtl84W3JIkt> 

XtW^/lGMR (giant magneto-resist 
ance) JfrPfcOW:. V ^JtOtf)«ftlW 

[0180] ®&&m?<?>mmzmfh t , h ^* 

;HWR*^cT)iS^. m%tt&M8 4b LXlfZ 1 0 nm 
«C o|, #ftttcr>l3Vf 8 3 k LTW? 2 n mcOA 1 , 
0 3 J8L SA«SffiSJR^^iSr& WHffiStt«8 2 k L 
TJPS 5 nm«OFe-Rh££Bl£fflVtf: 
fc«L. ClMWCollfc^Fe-Rh^gkAl 
2 0 3 |$k OffffltJ»$ 1 . 2 n m<7) F e ^*%J0§ 
*ITV^&. ZCOF emcOttMi. MRlt^KftSstft-C 
J>S. Xtyy^ySGMRS^Jl^. HDDffiXt 
W\'/V7- -N>y Kti<Il^n5Co/Cu/CoJ 
^iflKI 8 2 $ ^ t co^r k'T* 

[0181] liLh^J: 0 1, ^co^ 1 0<n£ffi&Blz£ 

tin, msamam : £*vimnm*}tiLiFm&m& 
mm&&$mt&zbtfx'$&. ta. mit^-^ 

mMxmM^m.^i\LLx^h<nx\ stift« 
mmzffiti-tzbtfX'Z, ®$m®m.<omiMJM<vi& 

[ 0 1 8 2 ] mz, ztxmm 1 1 osounuc is 

[oi83] ; tfoia^i eit^ffltcfc wcti, ±^w#» 

•y f*F *«R-^a«±lCT U KCftflMbS^I $ ix, 

[0184] ^co^ 1 1 commtmizktitf. x*j<v 

=5:I.Eai4«r^^i 0 nm»!»=/h3<$roTt>. Mn 
^J£tc^(f f>itl»c:k : 3r<, ins VKn^tBBBXOBi. 

mm.-thzbtfx'i*h<r>x\ omymmmmm 
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[oi85] 1 1 coiimieii^Bti, 
[0186] jsui, zvgpmmmmizi^xmwi 

£<0*31»i. ±a<^IIWJIMCIIBSgS*i&t)<OT 

[0187] .bsoss i ~s 1 1 oggtrai 
t*jv^-c*fffc»fi. rat. #r. tm. r 

fifefcJHtMMT ffit. #*. *W, To 
[0 188] Witf, *6tf5SyBBBfc:tJ^T, f&Sfc 

[01893 j^«f^^»frfflieia±-c'R9fiaEttft 

[0190] M nttr«<0#«rCR!l«tt**L. 3 d 

mX'hh. mz. M nffiSiM Oat. mtTJMJfc 

[019117 vfl:flK0R5l«ttflK0Wi: LT, FeF 
, ^MnFj , K 2 N i F 4 MSiOtffi 

[ 0 1 9 2 ] £<03raca*4Ra»tt*fc»K 

kLT. f§ftfflfi£ (compensation composition) 
«W7x'JK1tfr ( f err i magnetic materials) tf'lffl 

±mt m®&mt<r)isi&mmz%z> . 

[0193] W^tttgitSRSSaStttt^. 

ttf4£ T B CO 

Ni -Mn 450 

Pt-Mn 380 

Pt-Cr-Mn 380 

Pd-Pt-Mn 300 



zcomiziSnKtfmzMm-mtfmti^. 

[0194] UMfcttRttaittftliAKtlt^TWftttfc 

$ft^/¥£^-f§Ht,ftk LTN i 0*«ftS«Yfc&. « 
-Fe 2 0 3 , Cr 2 0 3 tS8ITR3t«tt*5^f. N 
i 0£±fc Lt\ MattA£fl^l,fcB8rtic (solid so 

lution) x\ tm<?)mm$:'tT : >zti>x'Zz>. mta. 
znmvxiX'Kmmwf**: o *-Muer t #5 

4 8Kftjg{C^I)N i Ok. *- ;UiBJg«9 3Kfcg?S 
fcATT'*>6 #N i O J: 0 kBimfl^tttf*^ &C o O i 

#tb^&fr«8*f»*^#*<0Wfc*fc*. n i o 

tcoot mmmis. tt:mm&# t . m tmx-m 
m-thzktfx'%h. 

[0195] &JgT'J>oT t> . ifcDJ: 
<?&±X'im&m®MZtlh^tf$>\\ : I 

r-Mn, Pt-Mn» Pd-Pt-Mn, Rh-M 
ru Pt-Cr-Mni if. 

[0196] («T, ft. 

ju\ mz. mm>%&iz*ixmm\*ix'mmMz\t 
c7)i«v ^mmtm^mx'h i . 

[0197] R»attim* t 't<0«WaiU:-CRM»tt« 

[0198] «ScJgtt<oa*a»fc . i^MBfcf iJffl-rs 

0*«5rO«v^^jifJ>S*^ tititshT H 
f4(3k"T B fc«vv«|ft|i**4. T B iffi\,^Zkimt>tl 

a ^ncMJ-XhT1B!la$•^T^=S:V^tMIlHb* { e^^:V^. ; 
ixt4Kii±cO$iJ^k ^ Ot#l>*\ 3 0 0°CUTCOW®& 

[0 199] 

Tn CC) T^anneal ( °C ) 

797 280 
702 280 

230 
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<r>x\ zmizmix^z. 

[02 00] Fe-Mn, Ir-Mn, Rh- 

Mn, Ru-Mn, Pt-Cr-Mn, Cr-Al& 
b\ 

[020 1] 

nmumzxtni. m^M^^mmmm^t'cD 
zmntmizx vmiZti&WMMzx <oxv < 

n >M®. £ h Mir * -7V7 S ? o vW&zmMc 
21xxi>. mmx'^ 4y?>v X4 *,+v?*'fto 
ZttfX'Zb. 

[ 0 2 0 2 ] £ fc . i««Wt <* SB»U8t8*?fc J:*i 

MiTi-Tvrs.tvymmizwMtztixi,. 

[ 0 2 0 3 3 4fc, Z(D%.Wlz£ 68SHSW=J:*itf , 

x'mmcowZfLx-z'tfdzttfx'Z. t^hmmcom^ 

SB La^fcasUMSlI* K<rma»9.*m&t& z 
ttfX'Zh. 

[Hi ] mwx-cmiK? viwim.mitw.mwL 
m-thtz^mmx'hh. 



[13 ] B^KOBfl^EAtttCPfT^WttzRiidnitt 
[04 ] ClO»!BO»l<^lit»JB(cJ:S«ft^>f •>/?■ 

[ 0 5 ] z <m*M<om i osaraswc i mitx a *, * 

^m^^wf^-tmmx'hh. 
[06] £<o$Wfl*3*>*^m:J:*BMfc*>f "yf- 
^fc^BMBH-c**. 

[07] d <nmim 4 osbbbbc s.hwc*4«>* 

[08] C<0^^5<0»fije®fe:i:6MRAMSr^ 
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